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(54)  Fuel injector arrangement

(57) A fuel injector arrangement comprising a noz-
zle (10) provided with a first bore (11) within which a
valve needle (12) is slidable, the needle (12) being
engageable with a seating to control the flow of fuel
from a delivery chamber (13) to an outlet opening (14).
The arrangement includes a surface associated with the

2
v z
3‘31/\-”‘

2¢ .27 /

| &
(I

o
u

needle (12) which is exposed to the fuel pressure within
a control chamber (23), and a fuel pressure actuable
control valve (26) controlling the supply of fuel to the
delivery chamber (13).
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Description

[0001]  This invention relates to a fuel injector
arrangement for use in delivering fuel under pressure to
a combustion space of an internal combustion engine.
The invention relates, in particular, to a fuel injector
arrangement suitable for use in a fuel system of the
common rail typs.

[0002] In a known common rail fuel injector, a valve
needle is engageable with a seating to control the deliv-
ery of fuel to a combustion space. The position of the
needle is controiled by controlling the fuel pressure
within a control chamber. In such an arrangement, inthe
event that the valve needle becomes stuck in a lifted
position, fuel will be dslivered continuously by the injsc-
tor. Such a continuous discharge of fuel under pressure
could cause a catastrophic failure of the engine and/or
fuel system.

[0003] An alternative arrangement comprises a
valve needle spring biased towards a seating, and a
control valve controlling the supply of fuel to a delivery
chamber of the injector. In such an arrangement, if the
control valve sticks in an open position, fue! delivery will
occur continuously and may result in failure as
described hereinbefore.

[0004] It is an object of the invention to provide an
injector in which the disadvantages described hereinbe-
fore are obviated or mitigated.

[0005] According to the present invention there is
provided a fuel injector arrangement comprising a noz-
zle provided with a bore within which a valve needle is
slidable, the needle being engageable with a seating to
controf the flow of fuel from a delivery chamber to an
outlet opening, a surface associated with the needle
being exposed to the fue! pressure within a control
chamber, and a fue! pressure actuable control valve
controlling the supply of fuel to the delivery chamber.
[0006] Such an arrangement is advantageous in
that continuous delivery of fuel requires both the needle
to become stuck in a lifted position and the control valve
to become stuck in an open position. The risk of contin-
uous fuel delivery and the associated risk of damage to
the engine and fuel system are thereby reduced.
[0007] A solenoid actuable valve is conveniently
provided to control the fue! pressure within the control
chamber, thereby controlling the timing of movement of
the valve needle. The solenoid actuable valve may also
control the fuel pressure applied to the fuel pressure
actuable control valve.

[0008] The fuel pressure actuable control valve and
the solenoid actuable valve are conveniently mounted
upon or form part of a fuel injector of which the nozzle
forms part.

[o009] The invention will further be described, by
way of example, with reference to the accompanying
drawings, in which:

Figure 1 is a diagrammatic view illustrating a fuel
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injector arrangement in accordance with an embaod-
iment of the invention;

Figures 2 to 4 are views similar to Figure 1 illustrat-
ing further embodiments;

Figures 5 and 6 are diagrammatic sectional views
of fuel injectors which operate in the same manner
as the arrangement of Figure 4;

Figure 7 is a view similar to Figure 1 illustrating a
further embodiment;

Figures 8, 8 and 10 are schematic views of the
arrangement of Figures 1, 3 and 4 respectively; and

Figures 11 and 12 are views similar to Figures 9
and 10 of modifications thereof.

[0010]) The fuel injector arrangement illustrated,
somewhat diagrammatically, in Figure 1 comprises a
nozzle body 10 within which a blind bore 11 is formed. A
valve needle 12 is slidable within the bore, the needle
12 including an enlarged diameter region the dimen-
sions of which are, in relation to those of the bore, such
that the bore 11 guides the needle 12 for sliding move-
ment therein. The bore 11 defines, adjacent its blind
end, a seating with which a tip region of the needle 12is
engageable to control fuel delivery from a delivery
chamber 13 defined upstream of the seating to a plural-
ity of outlet openings 14 which communicate with the
bore 11 downstream of the seating.

[0011]) The needle 12 is biased into engagement
with the seating by a spring 15 located within a spring
chamber 16 which is vented through a passage 17 to an
appropriate low pressure fusel reservoir 18. The spring
15 abuts a spring abutment member 19 which engages
the upper surface of the needle 12 to transmit the force
applied by the spring 15 to the needle 12. The spring
abutment member 19 includes a load transmitting mem-
ber 20 which extends into a chamber 21 within which a
piston member 22 is slidable. The upper surface of the
piston member 22 is exposed to the fuel pressure within
a control chamber 23, the piston member 22 being ori-
entated such that the application of fuel under high
pressure to the control chamber 23 applies a force to
the needle 12 urging the needle 12 towards its seating.
[06012] The delivery chamber 13 communicates
through a passage 24 with a bore 25 within which a con-
trol valve member 26 is slidable. The control valve mem-
ber 26 is engageable with a seating defined by the bore
25 to control communication between a passage 27
which opens into a chamber 28 immediately upstream
of the seating, and the passage 24. The passage 27
communicates, in use, with a source 29 of fuel under
high pressure, for example, the common rail of a com-
mon rail fuel system which is charged to an appropri-
ately high pressure by a suitable high pressure fuel
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pump.

[0013] The passage 27 communicates through a
passage 30, which is provided with a flow restriction 31,
with a passage 32 which opens both into the control
chamber 23 and a chamber 33 which is defined, in part,
by the upper end surface of the control valve member
26. The control valve member 26 is arranged such that
the application of fuel under pressure to the chamber 33
applies a force to the control valve member 26 urging
the control valve member 26 into engagement with its
seating to prevent communication between the source
29 and the delivery chamber 13.

[0014]  An electromagnetically actuable valve 34 is
provided to control communication between the control
chamber 23, and hence the chamber 33, and a suitable
low pressure drain reservoir 35.

[0015] in the position illustrated in Figure 1, the con-
trol valve 34 is spring biased to a position in which the
control chamber 23 does not communicate with the low
pressure drain reservoir 35. As a result of the communi-
cation between the source 29 and both the control
chamber 23 and the chamber 33, the chamber 33 and
the control chamber 23 are both pressurized to a high
level. As a result, the control valve member 26 is urged
into engagement wit its seating, and so fuel is not sup-
plied to the delivery chamber 13. Further, the fusl pres-
sure within the control chamber 23 together with the
action of the spring 15 ensure that the valve needie 12
engages its seating, and so fuel delivery through the
injector does not take place.

[0016] When fuel injection is to take place, the elec-
tromagnetically actuable valve 34 is energized to move
the valve member thereof to a position in which commu-
nication is permitted between the control chamber 23
and the low pressure drain reservoir 35. As a result, fuel
is able to escape from the control chamber 23, and as
the rate at which fuel is able to flow to the control cham-
ber 23 is restricted by the restriction 31, the fuel pres-
sure within the control chamber 23 falls. The fuel
pressure within the chamber 33 also falls as a result of
the communication between the chamber 33 and the
*control chamber 23 and as a result of the presence of
the restriction 31.

{0017] The fuel pressure within the chamber 33 will
fall to a level sufficient to permit the valve member 26 to
lift away from its seating due to the action of the fuel
pressure within the chamber 28 upon the exposed,
angled surfaces of the control valve member 26. The
movement of the valve member 26 permits fuel from the
source 29 to flow through the passage 24 to the delivery
chamber 13, pressurizing the delivery chamber 13.
[0018] The increase in fuel pressure within the
delivery chamber 13 applies an upwardly directed force
to the needle 12 which will rise to a level sufficient to
overcome the action of the remaining fuel pressure
within the control chamber 23 and the action of the
spring 15, lifting the valve needle 12 away from its seat-
ing and thus permitting fuel to flow through the outlet
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openings 14 to a combustion space of an associated
engine.

[0019]  In order to terminate injection, the electro-
magnetically actuable control valve 34 is returned to the
position illustrated. As a result, fuel is no longer able to
flow from the control chamber 23 to the low pressure
fue! reservoir 35, and as fuel is able to flow through the
restriction 31, albeit at a restricted rate, the fuel pres-
sure within the chamber 33 and the contro! chamber 23
will rise. A point will be reached beyond which the action
of the fuel under pressure within the control chamber 23
in combination with the action of the spring 15 will be
sufficient to return the valve needle 12 into engagement
with its seating, thus terminating the delivery of fuel
from the delivery chamber 13 through the outlet open-
ings 14. The increase in fuel pressure within the cham-
ber 33 will serve to apply an increased force to the
control valve member 26 urging the control valve mem-
ber 26 towards its seating, and a point will be reached
beyond which the control valve member 26 engages its
seating, thus terminating the supply of fuel from the
source 29 to the delivery chamber 13. As illustrated in
Figure 1, part of the lower end of the control valve mem-
ber 26 is shielded from fuel under pressure at all times
thus, when fuel under pressure is applied to the cham-
ber 33, the valve member 26 is urged towards its seat-
ing.

[0020] If the arrangement is to be used in a system
in which a pilot injection is to be delivered priorto a main
injection, during each injection cycle, then the injection
operation is repeated to permit delivery of the main
injection.

[0021] It will be appreciated that the arrangement
described hereinbefore is advantageous in that, in the
event that the needle 12 becomes jammed or stuck in a
lifted position, then, when termination of injection is to
occur, switching of the electromagnetically actuated
valve 34 will cause the fuel pressure within the chamber
33 to rise, causing the valve member 26 to move into
engagement with its seating, thereby terminating the
supply of fuel to the delivery chamber 13. As a result,
even though the needle 12 is stuck in a lifted position, as
the supply of fuel to the delivery chamber 13 is termi-
nated, continuous injection will not occur. Similarly, if the
valve member 26 becomes jammed in a lifted position,
operation of the electromagnetically actuated valve 34
to terminate injection will cause the fuel pressure within
the control chamber 23 to rise thereby ensuring that,
provided the valve needle 12 is not stuck in a lifted posi-
tion, the valve needle will move into engagement with its
seating, terminating injection. It will be appreciated that
continuous injection of fuel from the source 29 will only
occur in the event that both the valve needle 12 and the
control valve member 26 become stuck in their lifted
positions.

[0022] In Figure 1, the valve member (26) and the
piston member (22) are located side by side, whereas in
practice it may be preferable to align the valve member



5 EP 1 036 931 A2 6

(26) with the piston member (22) such that one is
located behind the other.

[0023] Figure 2 illustrates an arrangement which is
similar to that of Figure 1, but differs therefrom in that
rather than providing a separate piston member 22
which is exposed to the fuel pressure within the control
chamber 23, the upper end surface of the needle 12 is
exposed to the fuel pressure within the control chamber
23, the spring 15 being located within the control cham-
ber 23. Operation of this embodiment is as described
hereinbefore, and so will not be described in further
detail. In the arrangement of Figure 2, the effective area
of the surface associated with the needle 12 exposed to
the fuel pressure within the control chamber 23 is
reduced compared to that of Figure 1. As a result the
force applied to the needle 12 by the fuel pressure
within the control chamber 23 is reduced, and so in
order to ensure rapid closing of the injector at the termi-
nation of injection, a flow restrictor may be provided in
the passage 24 to restrict the rate at which fuel can flow
to the delivery chamber 13 so that, during injection, the
fuel pressure within the delivery chamber 13 falls,
thereby reducing the net upward force applied to the
needle 12. If desired, the restriction may be located
immediately upstream of the control valve or be consti-
tuted by the control valve.

[0024] Figure 3 illustrates an arrangement which, in
many respects, is similar to that of Figure 1, and only
the differences between the arrangement of Figure 1
and that of Figure 3 will be described in detail. In the
arrangement of Figure 3, the passage 30 communi-
cates directly with the chamber 33 rather than with the
passage 32 located between the chamber 33 and the
control chamber 23, and the passage 32 is provided
with a restriction 32a restricting the rate at which fuel is
able to flow from the chamber 33 to the control chamber
23.

[0025] In use, prior to commencement of injection,
both the chamber 33 and the control chamber 23 are at
high pressure, and so large forces are applied to the
contro| valve member 26 and the valve needle 12 ensur-
ing that they engage their respective seatings to ensure
that fuel is not permitted to flow to the delivery chamber
18 and to ensure that fuel injection does not take place.
In order to commence injection, the electromagnetically
actuated valve 34 is energized to move the valve mem-
ber thereof to a position in which communication is per-
mitted between the control chamber 23 and the low
pressure fuel reservoir 35. The libel pressure within the
control chamber 23 therefore falls, the rate at which fuel
is able to flow towards the control chamber 23 being
restricted by the restriction 31 and the restriction 32a.
The fuel pressure within the chamber 33 also falls, fuel
being permitted to flow from the chamber 33 at a
restricted rate through the restriction 32a, fuel flow to
the chamber 33 being restricted by the restriction 31. As
aresult of the fall in pressure within the chamber 33 and
the control chamber 23, the valve member 26 and the
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valve needle 12 are able to lift from their seatings thus
permitting fuel supply to the delivery chamber 13 and
through the outlet openings 14.

[0026] In order to terminate injection, the electro-
magnstically actuated valve 34 is returned to the posi-
tion illustrated. As a result, the fusl pressure within the
chamber 33 and the control chamber 23 will rise. The
provision of the restriction 32a and the communication
of the passage 30 directly with the chamber 33 ensures
that the fuel pressure within the chamber 33 rises more
quickly than that within the contro! chamber 23. As a
result, the valve member 26 moves into engagement
with its seating, thus terminating the supply of fuel to the
delivery chamber 13 prior to the valve needle 12 moving
into engagement with the seating to terminate the deliv-
ery of injection through the outlet openings 14. It will be
understood that the rates at which the respective valve
members move depend not only upon the pressure
present in the respective control chamber, but also upon
the effective area of the valve member exposed to the
pressure in its control chamber.

[0027] Figure 4 illustrates an arrangement which is
similar to that of Figure 3, but in which the passage 30
communicates directly with the control chamber 23. As
a result, upon de-energization of the electromagneti-
cally actuated valve 34 to terminate injection, the fuel
pressure within the control chamber 23 will rise more
rapidly than that within the chamber 33, thus the needle
12 will return into engagement with its seating prior to
movement of the valve member 26 occurring to termi-
nate the supply of fuel to the delivery chamber 13. Such
an arrangement is particularly advantageous where
shart injection events are desired, for example where
each injection cycle is to include an initial, pilot injection
in which a small quantity of fuel is delivered, the pilot
injection being followed by a main injection. In such a
case, depending upon the operating conditions, the
control valve member may be arranged to remain
spaced from its seating between the pilot and main
injections, the pressure within the chamber 33 not
reaching a high enough level for a long enough duration
to cause movement of the valve member 26 into
engagement with its seating between the pilot and main
injections.

[0028] Figures 8, 9 and 10 are schematic represen-
tations respectively of the arrangements illustrated in
Figures 1, 3 and 4. Figures 8, 9 and 10 are provided pri-
marily for comparison with Figures 11 and 12 which
show two additional embodiments. The arrangement
shown in Figure 11 is, in effect, a modification of the
arrangement shown in Figure 9 (and Figure 3) whereas
Figure 12 is in effect a modification of the arrangement
shown in Figure 10 (and Figure 4).

[0029] Comparing Figure 11 with Figure 9 it can be
seen that the positions of the chambers 23 and 33 have
been reversed in their relationship to the source 29 and
solenoid valve 34. Thus in Figure 11 the chamber 23 is
supplied with fuel from the source 29 by way of the
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restrictor 31 and fuel reaches the solenoid valve 34 by
way of the restrictor 32a and the chamber 33.

[0030]  Similarly in Figure 12 again the positions of
the chambers 23 and 33 are reversed by comparison

with those shown in Figure 10. In Figure 12 fuel is sup-’

plied to the chamber 33 from the source 29 through the
restrictor 31 and chamber 33 supplies fuel to chamber
23 through the restrictor 32a. Fuel is spilled through the
solenoid valve 34 from the chamber 33.

[0031] The provision of the arrangement shown in
Figures 11 and 12, by comparison with those in Figures
8, 9 and 10, allows the selection of different operating
characteristics for the fuel injection arrangement. in
effect the system arrangement can be chosen to pro-
vide a desired "shape" of injection characteristics.
[0032] Figures 5 and 6 illustrate two implementa-
tions of the fuel injection arrangement of Figure 4. In
Figures 5 and 6, like reference numerals are used to
denote parts which operate in a manner similar to those
of Figure 4. As illustrated in Figure 5, a valve needle 12
is engageable with a seating to control delivery of fuel
through one or more outlet openings 14 located down-
stream of the seating. The valve needle 12 is biased by
a spring 15 into engagement with the seating, the action
of the spring 15 being assisted by the action of fuel
under pressure within a control chamber 23 defined, in
part, by an upper surface of a piston member 22. An
electromagnetically actuable valve 34 incorporating an
electronically controlled solenoid drive unit 34¢ controls
communication between the control chamber 23 and a
low pressure fuel reservoir 35.

[0033] In the embodiment illustrated in Figure 5, the
piston member 22 is slidable within a bore formed in
part of the valve member 26, the passage 30 and
restrictions 31, 32a being formed in the piston member
22. As shown in Figures 5 and 6, the piston member 22
is preferably arranged to be substantially concentric
with the contro! valve member 26.

[0034] As with the embodiment illustrated in Figure
4, in the position illustrated, the electromagnetically
actuated valve 34 occupies a closed position, thus the
control chamber 23 and the chamber 33 are pressu-
rized to a high pressure thereby ensuring that the con-
trol valve member 26 engages its seating and the
needle 12 engages its seating. As a result fuel under
high pressure is not supplied to the delivery chamber,
and injection of fuel is not taking place.

[0035] In order to commencs injection, the electro-
magnetically actuable valve is energized to permit
movement of the valve member thereof away from its
seating and permitting fuel to escape from the control
chamber 23 and from the chamber 33 through the
restriction 32a to the low pressure fuel reservoir. As a
result of the provision of the restriction 31, the rate at
which fuel is able to flow to the chamber 33 and the con-
trol chamber 23 is insufficient to maintain the pressure
therein, and as a result, the magnitude of the downward
forces applied to the piston member 22 and the control
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valve member 26 are reduced. A point will be reached
beyand which the control valve member 26 is able to lift
away from its seating, thereby permitting fuel to flow
from the source 29 to the delivery chamber 13, and
beyond which the valve needle 12 is able to lift away
from its seating against the action of the spring 15 and
the fuel pressure within the control chamber 23. As a
result fuel injection takes place.

[0036] In order to terminate injection, the electro-
magnetically actuable valve is returned to the position
shown. The continued supply of fuel through the restric-
tion 31 results in the fuel pressure within the control
chamber 23 rising rapidly, thus rapidly increasing the
magnitude of the downward force applied to the needle
12 and causing the needle 12 to return into engagement
with its seating, thus terminating the delivery of fuel by
the injector. The fuel pressure within the chamber 33
rises at a reduced rate due to the presence of the
restrictions 32a, but shortly after the valve needle 12
moves into engagement with its seating, thus fuel pres-
sure within the chamber 33 will reach a point beyond
which the control valve member 26 is able to move into
engagement with its seating, thus terminating the sup-
ply of fuel to the delivery chamber 13.

[06037)  The arrangement illustrated in Figure 6 is
similar to that of Figure 5 but in which rather than provid-
ing the restrictions 31, 32a within the piston member 22,
the restriction 31 is provided within a portion of the con-
trol valve member 26, and the restriction 323 is provided
within a part of the injector body which, in use, does not
move relative to the nozzle 10. Operation of this embod-
iment is substantially as hereinbefore described with
reference to Figures 4 and 5.

[0038] Figure 7 illustrates an embodiment which is
similar to those above, but in which separate electro-
magnetically actuable valves 34a, 34b, are arranged to
contro! the fuel pressures within the chamber 33 and
control chamber 23, respectively. Valves 34a, 34b can
be arranged to receive the same operating signals (e.g.
by being connected electrically in series) or can be
arranged to be operated independently of one another.
As a result, the relative timing of movement of the con-
trol valve member 26 and valve needle 12 can be con-
trolled.

{0039] In each of the embodiments described here-
inbefore, the fuel pressure within the passage 24 and
delivery chamber 13 may be allowed to fall between
injections. This may be achieved by replacing the con-
trol valve member 26 with a valve member forming part
of a three-way valve arranged such that when communi-
cation is not permitted between the source 29 and the
passage 24, the passage 24 communicates with a low
pressure fuel reservoir. Alternatively, leakage between
the valve needle 12 and the wall of the bore 11 may be
sufficient to permit fuel to escape from the delivery
chamber 13 to a low pressure fuel reservoir. As a further
alternative, a passage containing a flow restriction may
be provided between the delivery chamber and the low
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pressure fuel reservoir to permit fuel to escape from the
delivery chamber 13 at a restricted rate.

[0040]  As illustrated in Figures 5 and 6, in each of
the embodiments described hereinbefore, the control
valve member 26 and the valve needle 12 may be slida-
ble within a common injector body. Alternatively, the
control valve member 26 may form part of a valve
located in a position spaced from the remainder of the
injector body. Where the control valve member 26 is to
be slidable within the same body as the valve needle 12,
then conveniently the control valve member 26 and
valve needle 12 are arranged concentrically as illus-
trated in Figures 5 and 6. It will be appreciated, how-
ever, that other relative positions are possible.

[0041]  As described hereinbefore, the fuel injector
arrangement of the invention is advantageous in that
continuous fuel injection can be avoided where either
one or the other of the control valve member 26 and the
valve needle 12 become stuck in a lifted position. It will
be appreciated that if either the control valve member
26 or the valve needle become stuck in a partially lifted
position, then injection of fuel will be possible at a
reduced rate. Continuous injection of fuel is possible in
the event that the electromagnetically actuable valve 34
fails in an open position. However, such a failure may be
detected relatively easily and appropriate action taken
to shutdown the fuel system.

[0042] In the arrangements described herein with
reference to Figures 3 to 12 the rate of injection charac-
teristic of the arrangement can be "shaped" by selection
of the sizing of the restrictor 32a. The sizing of the
restrictor 32a determines the rate at which fuel is spilled
in use by the control valve 26 to the reservoir 35 (by way
of valve 34) and thus controls the rate at which fuel
pressure rises and falls at the nozzle 10-14.

[0043] The invention is especially applicable to fuel
systems intended for use in supplying fuel to large
engine installations such as used in marine applications
or in industrial power plants. It will be appreciated, how-
ever, that the invention is not restricted to the use of the
fuel injector arrangement in such applications.

[0044] It will further be appreciated that although
the fuel injector arrangement in the accompanying fig-
ures is shown to include a solenoid actuable valve (34),
the actuator may be of an alternative type, for example
a piezoelectric actuator.

Claims

1. A fuel injector arrangement comprising a nozzle
{10) provided with a first bore (11) within which a
valve needle (12) is slidable, the needle (12) being
engageable with a seating to control the flow of fuel
from a delivery chamber (13) to an outlet opening
(14), a surface associated with the needle (12)
being exposed to the fuel pressure within a control
chamber (23), characterised by a fuel pressure
actuable control valve (26) controlling the supply of
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fuel to the delivery chamber (13).

The fuel injector arrangement as claimed in Claim
1, further comprising a solenoid actuable valve (34)
to control the fuel pressure within the control cham-
ber (23), thereby controlling the timing of movement
of the valve needle (12).

The fuel injector arrangement as claimed in Claim
2, wherein the solenoid actuable valve (34) is also
arranged to control the fuel pressure applied to the
fuel pressure actuable control valve (26).

The fuel injector arrangement as claimed in Claim
2, comprising first and second separate solenoid
actuable valves (34a, 34b) for controlling fuel pres-
sure applied to the fuel pressure actuable valve {26)
and fuel pressure within the control chamber (23)
respectively.

The fuel injector arrangement as claimed in any of
the preceding claims, comprising a further chamber
(33) defined, in part, by a surface of a control valve
member (26) forming part of the fuel pressure actu-
able valve.

The fuel injector arrangement as claimed in Claim
5, wherein the delivery chamber (13) communi-
cates with a further bore (25) within which the con-
trol valve member (26) is slidable, the further bare
(25) defining a further seating with which the control
valve member (26) is engageable to control com-
munication between the delivery chamber (13) and
a source of fuel at high pressure (29).

The fusel injector arrangement as claimed in Claim
6, wherein the further bore (25) defines a second
chamber (28) in communication wit the source of
fuel at high pressure (29), communication between
the second chamber (28) and the dslivery chamber
(13) being permitted when the control valve mem-
ber (26) is moved away from the further seating.

The fuel injector as claimed in Claim 7, wherein the
control valve member (26) is arranged such that the
application of fuel under pressure to the further
chamber (33) applies a force to the control valve
member (26) which serves to urge the control valve
member (26) into engagement with the further seat-
ing to prevent communication between the source
{29) and the delivery chamber (13).

The fuel injector as claimed in any of the preceding
claims, further comprising a piston member (22)
which is moveable with the valve needle (12), a sur-
face of the piston member (22) being exposed to
fuel pressure within the control chamber (23).
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The fuel injector as claimed in Claim 9, wherein the
piston member (22) is arranged to be substantially
concentric with the control valve member (26).

. The fuel injector as claimed in Claim 9 or Claim 10,

wherein the piston member (22) and the control
valve member (26) are arranged such that one is
slidable within the other.

The fuel injector as claimed in any of Claims 1 to 8,
further comprising a flow restrictor which is
arranged to restrict the flow of fuel to the delivery
chamber (13).

The fuel injector arrangement as claimed in any of
the preceding claims, further comprising a restric-
tion (31, 32a) for restricting fuel flow to the control
chamber (23).

The fuel injector arrangement as claimed in any of
the preceding claims, further comprising a further
restriction (32a) for restricting fuel flow from a fur-
ther chamber (33) to the control chamber (32), the
further chamber (33) being defined, in part, by a
surface of a control valve member (26) forming part
of the fuel pressure actuable control valve.

The fuel injector arrangement as claimed in Claim
14, wherein the restriction (31) and the further
restriction (32a) are formed within a piston member
(22) which is moveable with the valve needle (12), a
surface of the piston member (22) being exposed to
fuel pressure within the control chamber (23).

The fuel injector arrangement as claimed in Claim
13, wherein the restriction (31) is formed within a
portion of a control valve member (26) forming part
of the fuel pressure actuable control valve.

The fuel injector arrangement as claimed in any of
the preceding claims, further comprising a passage
(27, 30) in communication with a source of fuel at
high pressure, wherein the passage communicates
directly with the control chamber (23).

The fuel injector arrangement as claimed in any of
the preceding claims, further comprising a passage
(27, 30) in communication with a source of fuel at
high pressure, wherein the passage communicates
directly with a further chamber (33) defined, in part,
by a surface of a control valve member (26) forming
part of the fuel pressure actuable control valve.

The fuel injector arrangement as claimed in any of
the preceding claims, wherein the fuel pressure
actuable control valve (26) and the solenoid actua-
ble valve (34) are mounted upon or form part of a
fuel injector of which the nozzle (10) forms apart.
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